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ABSTRACT
 The present communication describes the case of an approx. 9 month old pig from the early medieval 
fortress Vyšehrad in Prague (Bohemia, Czech Republic). It showed an exceptionally severe enamel defect 
(plane-form hypoplasia) in the upper half of the crown of a right upper ﬁ rst molar. The plane-form defect was 
probably triggered by short-term disturbances of the enamel matrix secretion. After a period of approximately 
1.5 or 2 months, normal enamel secretion may be assumed. Such strong hypoplasia is extremely rare in osteo-
archaeological records. Regarding the age of the pig in question, the enamel defect could have been caused by 
problems during or after birth and/or during weaning. 
Key words: enamel hypoplasia, severe dental malformation, infection, pig (Sus domesticus), Middle 
Ages, weaning________________________________________________________________________________________
Introduction 
In contrast to ruminant teeth, which are often covered by cementum, in pig teeth this 
is not the case. Therefore, their crowns can be studied easily for the presence of teeth 
malformations as well as enamel defects. If the enamel is (partially) gone, which is in 
archaeological teeth quite often the case, dentine defects may also be observed (TEEGEN, 
2013, 55 Fig. 4). 
Since the turn of the millennium, pig teeth have been an object of study in veterinary 
anatomy and pathology, as well as in osteo-archaeology (e.g. DOBNEY and ERVYNCK, 
1998; 2000; DOBNEY et al., 2002; 2004; TEEGEN and WUSSOW, 2001; TEEGEN, 2005; 
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2006; 2013; KIERDORF et al., 2009; MAGNELL and CARTER, 2007; PIGIÈRE, 2009; 
FRÉMONDEAU, 2012). In the classical work on teeth formation written by COLYER 
(1936), and the updated edition of this book (MILES and GRIGSON, 1990), a whole 
chapter is dedicated to this topic. Of particular importance, e.g. for veterinary pathology, 
forensics or osteo-archaeology, is the fact that the time of the onset of these defects can be 
determined approximately. So we can look at the life history of the individual.
The development of crowns and roots is generally well known for recent, domestic 
pigs (HABERMEHL, 1975 with an extensive bibliography). Modern pig breeding 
in the 20th century led, however, to races which mature early. Feeding experiments 
with undernourished pigs (McCANCE et al., 1961) were used as a model for medieval 
and prehistoric pigs. Recently, MAGNELL and CARTER (2007) proposed the tooth 
development of wild boars with known age as a model for the “primitive” domestic pigs 
from archaeological contexts. 
Enamel defects in archaeological pig remains have only been studied in some European 
regions, such as the British Isles and Coastal Flanders (DOBNEY and ERVYNCK, 1998; 
2000; DOBNEY et al., 2002; 2004), Gaul (TEEGEN, 2004b; PIGIÈRE, 2009; FRÉMONDEAU, 
2012) and Coastal Germany and selected sites (TEEGEN, 2005; 2006; 2013). Similar studies 
are still missing from other European regions, including Bohemia and the Mediterranean 
area. Severe enamel defects in the canines of male domestic pigs from prehistoric and 
medieval Bohemia, which were of traumatic origin, were recently published (TEEGEN 
and KYSELÝ, 2014). 
In this contribution, we present a case from Vyšehrad (district Prague, Bohemia, 
Czech Republic). As described below, it shows particularly severe enamel hypoplasia, 
which is found extremely rarely in the osteo-archaeological records.
Acronyms: EDJ = Enamel-Dentine-Junction, GL = greatest length, GB = greatest 
breadth, M1/M1 = ﬁ rst molar/upper ﬁ rst molar. P4/P4 = fourth premolar/upper fourth 
premolar, pd4 = upper fourth deciduous molar.
Materials and methods
Vyšehrad is an early medieval stronghold located in central Prague, on the promontory 
above the Vltava river. It was an important centre of Bohemian (Premyslid) nobility 
in the 10th and 11th century A.D. In 2003 excavations were carried out at the southern 
part of the former acropolis of Vyšehrad by L. Varadzin and I. Štefan, on behalf of the 
Institute of Archaeology of the Czech Academy of Sciences (archaeological description 
in MOUCHA et al., 2015). The evaluation of the osteological assemblage acquired during 
this excavation is part of a recently published archaeozoological synthesis on Vyšehrad 
(KYSELÝ, 2015). The specimen described in our paper was found within this excavation, 
275Vet. arhiv 86 (2),  273-285, 2016
W.-R. Teegen and R. Kyselý: A rare severe enamel defect from an early medieval stronghold
in trench II, layer14/V (inv. no. 21). This context was dated to the timespan between the 
2nd half of the 10th century and the 2nd third of the 11th century A.D.
The nomenclature of the domestic animals follows GENTRY et al. (2004). The age 
of the pig maxilla (Fig. 1; 6) was determined according to the development of the teeth 
(HABERMEHL, 1975; REICHSTEIN, 1991). Furthermore, the tooth development in the 
mandibles of undernourished pigs, according to McCANCE et al. (1961), and of wild boar 
with known age (MAGNELL and CARTER, 2007) was used. The onset of hypoplastic 
defects was determined using both the data by McCANCE et al. (1961) and MAGNELL and 
CARTER (2007). The maxilla fragment was studied macroscopically and using magnifying 
lenses. Furthermore, it was X-rayed at the National Museum in Prague.
Description of the ﬁ nd
The object of the study is a fragment of the right upper jaw of a pig. On the basis of 
its small dimensions (compared with the reference collection in the archaeozoological 
department of the Institute of Archaeology of the Czech Academy of Sciences) it was 
ascribed to the domestic form (Sus domesticus). The upper deciduous molar (pd4) and the 
ﬁ rst permanent molar (M1) are the only teeth preserved in the fragment (Fig. 1-4). The 
distal part of the cavity of the permanent premolar (P3) is visible (Fig. 3). The cavity of the 
permanent P4 is not visible, it is hidden under the pd4 (cf. MAGNELL and CARTER, 2007, 
46 Fig. 3) and can be seen only on the radiograph (Fig. 5). The roots of the M1 are fully 
grown (Fig. 4-5). These observations suggest that the age at death of the present individual 
was around 9 months (cf. HABERMEHL, 1975; 1985; SILVER, 1969; REICHSTEIN, 1991; 
MAGNELL and CARTER, 2007, 47, Fig. 4). Its sex could not be determined.
The fragment of the upper jaw shows slight paradontitis at the alveolar margins (Fig. 
3, arrow). Between the right pd4 and M1 a pocket is visible (Fig. 3, star). These alterations 
can often be observed in osteo-archaeological records. 
Measurements of the pd4: GL = 13.1 mm, GB (anterior half) = 11.1 mm, GB (posterior 
half) = 10.8 mm, max. height of the crown (above EDJ) = 5.1 mm. The pd4 shows no 
hypoplastic defects.
Measurements of the M1: GL = 15.5 mm, GB (anterior half) = 12.9 mm, GB (posterior 
half) = 12.5 mm, max. height of the crown (above EDJ) = ca. 7.7 mm, distance of the 
enamel defect from EDJ = 2.5 mm/3.5 mm to 7.7 mm.
Hypoplasia: The enamel defect of the M1 is clearly visible on Figs. 1-4. All cusps are 
pronounced and sharp. At the base of the cusps, a clear step to the basilar part is present 
(Fig. 2; 4). This means that the enamel thickness is clearly reduced in the upper half of 
the crown. In some parts of the cusp tips no enamel at all is present (Fig. 2). It is not clear 
whether this fact was caused by a complete lack of enamel formation or the abrasion of 
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Fig. 1. Vyšehrad, 10th/11th cent. A.D. (Inv.-No. 21). Domestic pig, right maxilla fragment with 
severe plane-form enamel defects of the cusps of the right upper M1 (arrows). View from the 
lateral aspect. Scale: 1 cm. Photo: R. Kyselý.
Fig. 2. The same case as in Fig. 1. View from the occlusal aspect. Arrow head: plane-form enamel 
defects of the cusps of the M1. Arrow: missing enamel of the disto-palatinal cusp. Scale: 1 cm. 
Photo: R. Kyselý.
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a thin enamel layer due to wear. However, the latter seems to be more likely. In contrast, 
the enamel of the molar basis seems to be normally developed (Fig. 1-4). Therefore the 
disturbance of the enamel formation only occurred in the ﬁ rst half of the M1 development. 
The crown formation of the lower M
1 
in undernourished pigs begins in utero 
(McCANCE et al., 1961), and in wild boars around birth (MAGNELL and CARTER, 2007, 
46, Table 3) (cf. Fig. 6). In both, the crown is completed at 2-3 months (ibid.). For the 
upper dentition, similar formation rates can be assumed. The enamel of the M1 at the level 
of the described defect had to have been formed between the beginning of the M1 crown 
formation and the half-time of the formation. This means a time span from prior to birth 
or around birth up to 1.5 months (Fig. 6), depending on the age-scales used (McCANCE 
et al., 1961 or MAGNELL and CARTER, 2007). 
As BERTEN (1895, 10; 11; 13) ﬁ rst described, there are three main types of enamel 
hypoplasia: “grübchenförmige Defekte” (pit-form defects), “furchenförmige 
Defekte” (furrow-form defects), and “ﬂ ächenförmige Defekte” (plane-form 
defects). He also carried out ﬁ rst microscopic investigations on dental thin sections 
(cf. BERTEN, 1895, pl. 3).
Fig. 3. The same case as in Fig. 1. View from the palatinal aspect. Arrow head: plane-form enamel 
defects of the cusps of the M1. Arrow: paradontitis. Star: pocket between the pd4 and M1. Scale: 1 
cm. Photo: R. Kyselý.
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The enamel defect described here (Fig. 1-5), may be classiﬁ ed as a typical plane-
form defect (cf. HILLSON 2014, 167-170). The cervical ledge indicates the resumption of 
normal activity of the secretory ameloblasts. 
HILLSON and BOND (1997) and WITZEL et al. (2006; 2008) analysed histologically thin 
sections of human and pig teeth, and found that plane-form defects may be triggered by 
short-term disturbances of the enamel matrix secretion. 
The enamel formation here was, however, disturbed for a period of approximately 1.5 
or 2 months (Fig. 3-5). Later, normal enamel secretion can be assumed (Fig. 4-5). 
The fragmentary character of the evidence in the present case does not allow further 
conclusions regarding the other teeth, e.g. on the left upper side or the mandibles. Due to 
Fig. 4. The same case as in Fig. 1. View on M1 from the distal aspect. Arrow head: end of the 
plane-form enamel defect. Scale: 1 cm. Photo: R. Kyselý.
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the parallel development of the crown of the M1 and the roots of pd4 (cf. MAGNELL and 
CARTER, 2007, 46, Fig. 3), the roots of the latter were checked for the presence of root 
hypoplasia (cf. TEEGEN, 2004a). In the small parts visible due to fenestration (Fig. 1), no 
hypoplastic defects of the roots could be detected. Also the radiograph in two planes (Fig. 
5) gave no clear evidence of dentine defects of the roots. 
Discussion
Such severe enamel hypoplasia, as observed in the case of the M1 from Vyšehrad, are 
very rare in the osteo-archaeological records. During the analysis of enamel hypoplasia in 
northern Germany between the Iron Age and the Renaissance (approx. 500 B.C. to A.D. 
1500), where totally 2410 pig mandibles and several hundred upper jaws were studied, no 
comparative case was detected at all (TEEGEN, 2006; 2013). 
Fig. 5. The same case as in Fig. 1. Radiograph in palatinal-buccal (A) and occlusal-apical (B) 
projections. Arrow head: end of the plane-form enamel defect (cf. Fig. 4). X-ray: National 
Museum in Prague.
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The only comparative case, studied by one of us (WRT), belongs to a recent wild boar 
shot in the former German Democratic Republic (TEEGEN and WUSSOW, 2001). In that 
case, severe enamel defects are present on the cusps of the M3. According to MAGNELL 
and CARTER (2007, 47, Fig. 4), this defect developed between 6th and 12th months of age. 
In that case, an origin in winter seems very likely. 
MILES and GRIGSON (1990, 442-443, Fig. 20.8) published a similar severe enamel 
defect in the lower and upper M3 of a recent baboon (Papio spec.). They studied thin 
sections of the upper M3 and found poorly mineralized dentine, which corresponded to 
enamel defects. Also in this case, a longer period - probably some months - of growth 
disruption was present.
In a more recent paper, KIERDORF et al. (2009, 1639, Fig. 1, a-b) studied an archaeological 
ﬁ nd of a ﬁ rst upper pig molar from Fais Island, Micronesia. It is not entirely comparable 
with the present molar from Vyšehrad due to the fact that the Micronesian M1 also shows 
enamel defects at the crown base. Their interpretation was severe nutritional stress after 
weaning. 
Conclusions
Due to the fact that only the cusps of the M1 show reduced or no enamel, it is possible 
to deduce that the disturbed and incomplete amelogenesis was only a temporary condition 
for approx. 1-2 months (Fig. 6), which corresponds to the lactation period. 
As WITZEL et al. (2006, 2008) have shown, a short-term disturbance could be 
responsible for the extended enamel defect, where the ameloblasts needed some time to 
recover. 
The intrauterine development of the crown of the pd4 was uneventful (Fig. 1-3). Also 
the overall root dentine formation was normal, as may be seen on the radiograph (Fig. 
5). Slight defects are, however, not visible on the radiographs. The normal root formation 
could be an indication that only the ameloblasts showed reduced secretion and the dentine 
development was quite normal. 
In wild boars and extensively used domestic pigs, the piglets are weaned between 
one and two months post-partum. Experiments in modern pigs indicate weaning after ﬁ ve 
weeks (BILKEI, 1996b, 38).
In the present case from Vyšehrad, the ameloblasts started to work normally sometime 
after weaning. The same is true for the dentine formation, since the roots are formed 
normally (Fig. 4). 
What could have been the cause of these severe enamel defects? From modern 
veterinary medicine it is known that piglets are susceptible to several diseases following 
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birth and/or the weaning process (cf. BILKEI, 1996a, b; PLONAIT, 2001). Today, approx. 
15 % of all piglets die during birth or during the ﬁ rst three days of life (PLONAIT, 2001, 
503), when mainly non-infectious causes are responsible for their death. Later, in the ﬁ rst 
six weeks of life infectious diseases are the main cause of death (PLONAIT, 2001, 504 Fig. 
16-19) - mainly diseases of the gastrointestinal tract, the lungs, the meninges, the joints or 
general infections. Also parasitic infections, which generally begin just after birth, should 
be considered. Such parasitic infections can induce enamel defects, as experiments have 
shown (SUCKLING et al., 1986). Finally, problems in lactation by the sow can lead to 
malnutrition of their piglets, and subsequently to developmental defects. 
_______
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SAŽETAK
Opisan je nalaz ostataka svinje, u približnoj dobi od 9 mjeseci, pronađene u ranoj srednjovjekovnoj tvrđavi 
Vyšehrad u Pragu (Češka). Opaženo je iznimno jako oštećenje cakline (glatka hipoplazija) na gornjoj polovici 
krune, gornjeg, prvog desnog kutnjaka. Glatka hipoplazija vjerojatno je potaknuta kratkoročnim poremećajem 
matrice u lučenju cakline. Normalna sekrecija cakline može se pretpostaviti nakon razdoblja od približno 1,5 ili 
2 mjeseca. Takva jaka hipoplazija izuzetno je rijetka u arheološkim nalazima kosti. S obzirom na dob predmetne 
svinje, oštećenje cakline moglo bi biti uzrokovano problemima tijekom ili nakon rođenja i/ili tijekom odbića.
Ključne riječi: hipoplazija cakline, teška deformacija zuba, infekcija, svinja (Sus domesticus), srednji 
vijek, odbiće________________________________________________________________________________________
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